












radia4on	 	 that	 has	 travelled	 to	 us	 from	
the	 last	 scaSering	 surface	 since	 the	
universe	 was	 380,000	 years-old,	 with	
very	 liSle	 changes	 or	 interac>ons	
(besides	its	cooling	or	redshiU	due	to	the	





the	 level	 of	 ~10-5,	 which	 encode	 a	




Its	 interac>on	 with	 the	 Large	 Scale	
















!n( ) = T −T0T0






∑ "n( )  ,      ℓ ~ 1800 /θ
!n  is a unit vector on the sphere
















Ø  Linear	 polarisa4on	 is	 defined	 locally,	 in	 terms	 of	 the	 so-called	 Stokes	
parameters	Q	and	U	
Ø  Full-sky	polariza>on	maps	can	be	decomposed	 into	two	components,	 the	
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Planck	2018	Results	I	
The	sky	as	seen	by	Planck:	polariza>on	
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ns	Scalar	spectral	index	 0.9649	 0.0042	 0.4	
H0	Hubble	parameter	 67.36	 0.54	 0.8	
































































































































































l en s i ng	 po ten4a l ,	
which	 has	 been	 very	
important	 to	 constrain	
ΛCDM	(40σ detec>on)	
Planck Collaboration: The ISW e ect with Planck
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Fig. 17.Map of the recovered ISW anisotropies (left column) and the corresponding estimated error per pixel (right column) obtained
from the combination of the Planck SEVEM CMB map with: the NVSS survey (top), the Planck lensing map (middle), and both
tracers jointly (bottom). Units are in Kelvin.
the corresponding survey. For those data with partial sky cover-
age, their corresponding cross- and auto- spectra are replaced in
the filter by its masked version, i.e., correlations among di erent
multipoles in the power spectra are integrated with the MASTER
algorithm.
5.1.2. Results
We have applied the LCB filter to the Planck CMB temperature
map and to di erent combinations of the surveys described in
Section 2.2. Before applying the filter, the di erent data sets have
been masked using an apodized version of the masks shown in
Sect. 2. The apodization of the masks is performed to reduce the
spurious correlations introduced in the harmonic domain due to
incomplete sky coverage. To construct the covariance matrix, we
have made use of the models described in Sect. 2.3. The di erent
auto- and cross- spectra are then transformed to their masked
versions with couplings computed by the MASTER algorithm. As
in previous sections, when using the Kappa and WISE maps,
a cut in the lowest multipoles is imposed, meaning that these
surveys do not contribute to the recovered ISW signal for ⇥ < 8
(for Kappa) and for ⇥ < 9 (for WISE). For the CMB intensity
map, we consider the Planck SEVEM clean CMB map but similar
results are expected for the other component separation methods.
To study the contribution of each data set to the final ISW




The	 ISW	 fluctua4ons,	 detected	 (at	
≈3σ)	 completely	 with	 Planck	 only	
data	 (CMB	 and	 lensing),	 providing	
complementary	 evidence	 of	 the	
accelerated	 expansion	 of	 the	
















Foreground maps for p larization 
R.B. Barreiro, COSPAR 2018, July 2018 
PCommd
3 300uKRJ at 353GHz
PComms
10 300µKRJ at 30GHz
Mean spectral index for polarized dust 
βd=1.55±0.05 
Mean spectral index for polarized 
synchrotron βs=-3.1±0.1 
The optimization of the data processing for polarization implied that single detector 
maps are not available in 2018 " this affects the ability of Commander to resolve 
individual foregrounds. Therefore, inten ity foreground products do not supersede the 







The scientific results that we present today are a product of 
the Planck Collaboration, including individuals from more 
than 100 scientific institutes in Europe, the USA and Canada   
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“Moore’s Law” of CMB sensitivity

































Stage−I − ≈ 100 detectors
Stage−II − ≈ 1,000 detectors
Stage−III − ≈ 10,000 detectors
Stage−IV − ≈ 100,000 detectors






















   
from 2013 Snowmass documents






































































































































































2	≤ ℓ ≤ 200	
Extra	Success：	
Improve	σ(r)	with	external	data:	
delensing	and	addi>onal	
foreground	cleaning	(from	low	
frequencies)	
	LiteBIRD	will	also	provide	E-mode	
maps	limited	by	cosmic	variance	
at	scales	<	1	degree.	
Ø  Planck	has	shown	that	the	base-ΛCDM	model	fits	all	CMB	data	
(temperature,	polariza>on,	lensing)	plus	many	other	cosmological	
probes.	Many	cosmological	parameters	determined	at	per	cent	level.	
Ø  Density	fluctua>ons	consistent	with	predic>ons	from	infla>on.	No	
primordial	gravita>onal	waves	detected	yet.	
Ø  However,	a	strong	tension	(3.6σ)	with	direct	measurements	of	H0	
remains.		
Ø  Origin	of	CMB	anomalies	not	clear	yet.	
Ø  Next	challenge:	improve	polariza>on	measurements	and	the	quest	of	
the	intrinsic	B-mode	of	polariza>on.	
Ø  Also	much	to	learn	from	secondary	anisotropies	(lensing,	SZ)	and	
foregrounds.	
Ø  Exci>ng	results	to	come	in	the	next	years…	
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